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AN  ANALYSIS  OF  LOCAL  ROAD  UNIT  COSTS  IN  ILLINOIS 

By  N.  G.  P.  KRAUSZ  and  EARL  R.  SWANSON1 

Nearly  71  percent  of  all  roads  in  Illinois,  or  73,400  miles,  are  local 
rural  roads.  In  1953  these  roads  were  administered  by  1,408  townships 
in  85  counties  with  township  form  of  government  and  by  107  road 
districts  in  counties  with  commission  form  of  government.  As  of  De- 
cember 31,  1953,  the  average  local  road  unit2  in  Illinois  contained  about 
48  miles  of  road.  In  five  commission-governed  counties  (Alexander, 
Hardin,  Massac,  Pulaski,  and  Williamson)  road  districts  comprise  all 
or  nearly  all  of  the  county. 

Local  roads  account  for  a  large  share  of  the  expenditures  by  local 
governments  in  Illinois.  Not  only  have  the  number  and  weight  of 
vehicles  increased,  but  motorists  are  demanding  improved  facilities. 
Construction  and  maintenance  of  all-weather  surfaces  require  plan- 
ning and  supervision  by  trained  men,  adequate  machinery,  and  large 
quantities  of  material.  These  facts,  together  with  increasing  costs,  have 
focused  attention  on  the  expenditures  and  services  of  local  road  units. 

Purpose  of  Study 

The  purpose  of  this  study  is  to  determine  the  effect  of  size  of  road 
unit  on  cost  per  mile  of  road.  Recommendations  regarding  the  optimum 
size  of  a  road  unit  would,  of  course,  need  to  be  analyzed  in  a  broader 
context.  In  a  complete  study  the  total  costs  of  township  government 
would  need  to  be  considered.  It  is  hoped,  however,  that  this  study  will 
provide  a  more  adequate  basis  than  now  exists  for  economic  evaluation 
of  alternative  proposals  regarding  organization  of  road  units. 

Approach  to  the  Problem 

Among  the  factors  causing  variations  in  road  costs  are  differences 
in  mileage  of  road  maintained,  intensity  and  weight  of  traffic,  number 
of  people  served,  and  quality  of  road  surface  maintained.  These  can 
all  be  measured  or  evaluated  more  or  less  directly. 

1  N.  G.  P.  KRAUSZ,  Associate  Professor  of  Agricultural  Law,  and  EARL  R.  SWAN- 
SON,  Associate  Professor  of  Agricultural  Economics. 

J  "Local  road  unit"  or  "road  unit"  is  used  in  this  report  to  refer  to  any  govern- 
mental unit  responsible  for  constructing  and  maintaining  local  roads.  "Local  road 
units"  include  (1)  township  highway  districts,  (2)  township  districts,  (3)  road 
districts,  and  (4)  county  unit  road  districts. 
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Also  of  importance  are  the  internal  organization  and  operation  of 
the  unit.  The  amount  and  adequacy  of  road  equipment,  available 
funds,  experience  of  the  road  commissioner,  and  skill  of  equipment 
operators  affect  costs  and  road  quality.  Most  of  these  factors  are  diffi- 
cult to  evaluate  directly,  but  they  are  reflected  in  measurable  factors. 
The  skill  of  the  road  commissioner  and  equipment  operators  is  reflected 
in  the  condition  of  the  road  surface.  Adequacy  of  equipment  is  at  least 
partly  reflected  in  equipment  investment.  The  availability  of  housing 
for  equipment  should  be  reflected  in  lower  maintenance  and  replace- 
ment costs. 

Other  factors  affecting  road  costs  are  even  more  difficult  to  evaluate. 
These  arise  mostly  from  differences  in  soil,  climate,  and  topography. 
Physical  features  such  as  hills  and  streams  affect  the  location  of  roads 
and  the  number  of  bridges  and  culverts  maintained.  Drainage  and 
erosion  problems,  frost  damage,  snow  and  rainfall,  as  well  as  availa- 
bility of  materials,  also  affect  road  costs.  The  study  was  conducted  in 
such  a  way  as  to  minimize  the  effect  of  conditions  that  cannot  be 
measured. 

Methodology 

Part  I  of  the  study  utilized  local  road  data  for  one  year  — 1953  — 
which  were  made  available  by  the  Division  of  Highways.  Statistical 
analyses  were  made  of  maintenance  and  administrative  costs  as  related 
to  total  mileage  of  the  units  within  each  state  highway  district  (Fig.  1) , 
and  construction  costs  as  related  to  number  of  miles  built.  Using  cost 
and  mileage  data  from  1,491  road  units  provided  statistical  accuracy 
even  though  there  may  be  considerable  variation  in  any  one  district 
from  year  to  year. 

In  Part  II  an  intensive  first-hand  study  was  made  of  eleven  road 
units:  four  in  northern,  three  in  central,  and  four  in  southern  Illinois. 
The  purpose  was  to  obtain  a  subjective  evaluation  of  road  conditions, 
equipment,  and  buildings,  as  well  as  other  first-hand  information.  It 
was  hoped  that  this  information  would  provide  guidance  in  the  use 
and  interpretation  of  secondary  data  obtained  from  the  Division  of 
Highways. 

The  eleven  road  units  were  carefully  selected,  so  that  they  would 
be  similar  in  topography  but  have  a  wide  range  in  mileage.  Financial 
reports  of  these  units  were  compared,  and  township  equipment  and 
roads  were  examined  and  evaluated.  In  addition,  personal  interviews 
were  held  with  township  road  commissioners  and  other  local  officials. 
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Part  I  —  A  Statistical  Study  of  the  Costs  of  1 ,491  Road  Units 

and  1,006  Construction  Projects 
Sources  of  data 

Local  road  units  submit  cost  data  for  construction,  as  well  as  de- 
scriptions of  construction  projects,  to  the  Division  of  Highways  in 
connection  with  the  administration  of  the  Motor  Fuel  Tax  funds.  In 
addition,  the  Division  of  Highways  collects  data  on  other  receipts  and 
expenditures  by  the  road  units. 

Reports  for  the  fiscal  year  1953-54  were  used  for  this  study.  All 
costs  reported  from  each  of  the  road  units  were  divided  into  three 
categories:  maintenance,  administration,  and  construction.  Mainte- 
nance costs  include  all  direct  labor  involved  in  maintenance  operations, 
operating  expenses,  and  the  share  of  machinery  and  equipment  over- 
head costs  not  charged  to  construction.  Administration  costs  are  com- 
posed chiefly  of  the  commissioner's  salary. 


The  Division  of  Highways 
has  established  ten  state 
highway  districts  in  Illinois 
for  administrative  purposes. 
In  this  study  local  road  units 
were  grouped  into  highway 
districts  before  analyses  were 
made.  Since  the  study  is  con- 
cerned only  with  rural  roads, 
District  10  (Cook  county)  is 
omitted  from  the  analyses. 
(Fig.  1) 
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The  miles  of  each  type  of  road  surface  in  each  local  road  unit  were 
also  obtained  (Table  1).  These  data  were  made  available  by  the  Di- 
vision of  Highways,  which  had  collected  the  data  in  cooperation  with 
the  Bureau  of  Public  Roads  of  the  Department  of  Commerce. 

Analysis 

The  central  problem  in  the  analysis  was  that  of  isolating,  insofar  as 
possible,  the  relationship  between  per-mile  costs  and  the  mileage  ad- 
ministered by  the  unit.  To  help  minimize  the  effects  of  such  factors  as 
physical  characteristics  of  the  soil,  topography,  and  snowfall  on  costs, 
the  units  were  grouped  into  highway  districts  (Fig.  1).  This  grouping 
also  reduced  the  effect  of  differences  among  units  with  respect  to  wage 
rates  and  costs  of  construction  and  maintenance  materials.  Another 
help  in  isolating  the  relationship  between  per-mile  costs  and  mileage 
administered  by  the  unit  was  the  division  of  costs  into  maintenance, 
administration,  and  construction.  The  separate  analysis  on  construction 
costs  made  it  possible  to  take  into  account  the  cost  differences  among 
units  that  were  due  to  different  mileages  of  construction  in  1953. 

After  the  units  were  grouped  into  districts  and  costs  classified,  the 
average  relationship  between  per-mile  costs  and  mileage  was  computed 
for  every  size  of  unit  that  existed  in  the  district.  The  multiple  regres- 
sion technic,  briefly  described  in  the  Appendix  (page  21)  was  used. 
In  essence,  the  technic  is  an  averaging  process  which  in  this  instance 
was  used  to  summarize  the  effects  of  mileage  on  road  costs  after  taking 
into  account  other  variables. 

In  the  analyses  of  maintenance  and  administrative  costs,  the  causa- 
tive variables  included  the  mileages  of  each  of  the  eight  different  types 
of  road  surface  (Table  1).  Since  administrative  units  have  the  eight 
types  of  roads  in  varying  proportions,  and  costs  vary  with  type  of 
surface,  consideration  of  the  mileage  of  each  type  of  road  permitted  a 
more  accurate  evaluation  of  the  cost  relationship  than  if  an  aggregate 
of  simply  "miles"  had  been  employed.  Further,  since  a  preliminary 
analysis  indicated  that  taxable  resources  were  related  to  per-mile  costs, 
assessed  valuation  was  included  as  a  variable.  This  was  done  to  help 
insure  that  the  effect  of  mileage  on  costs  was  a  net  effect;  that  is,  it 
would  minimize  any  distortion  of  the  estimated  per-mile  cost  relation- 
ships if  the  wealthier  administrative  units,  which  typically  spent  more 
on  their  roads,  also  consistently  had  either  low  or  high  mileages  to 
administer. 
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The  multiple  regression  technic  was  also  used  to  estimate  costs 
per  mile  of  construction.  Variables  considered  included  the  width  of 
road  and  thickness  of  surface. 

Results 

Although  per-mile  maintenance  and  administration  costs  were  esti- 
mated separately,  Table  2  shows  only  the  relation  of  the  sum  of  per- 
mile  maintenance  and  administration  costs  to  mileage.  Maintenance 
costs  were  generally  about  four  times  as  large  as  administration  costs, 
regardless  of  mileage  administered.  As  a  state  average,  maintenance 
costs  made  up  82  percent  of  total  maintenance  and  administration 
costs  in  units  administering  20  miles,  and  85  percent  in  units  of  70 
miles. 

The  pattern  of  decreasing  per-mile  costs  with  increased  mileages 
administered  by  the  unit  is  evident  in  each  state  highway  district. 
However,  the  per-mile  costs  decrease  at  a  decreasing  rate;  that  is,  the 
cost  reductions  are  greatest  in  the  increases  from  the  lower  mileages. 

Table  3  shows  the  costs  per  mile  for  the  most  common  type  of 
construction  —  gravel  applied  on  graded  and  shaped  gravel  or  crushed 
stone.  In  all,  581  projects  were  used  in  the  analysis.  The  costs  presented 
assume  construction  of  different  mileages  at  the  average  width  and 
thickness  shown  for  the  particular  state  highway  district  considered  or 
for  the  state. 

Costs  for  certain  less  common  types  of  construction  —  gravel  on 
gravel,  earth,  or  stone ;  low-type  bituminous ;  and  oil  —  are  presented 
in  Table  4.  Altogether,  425  projects  were  considered  in  these  analyses. 

The  pattern  of  decreasing  per-mile  costs  with  greater  mileage  is 
evident  for  each  type  of  construction  and  each  district. 

Part  II  —  A  Detailed  Study  of  Eleven  Selected  Road  Units 

Basic  information 

The  eleven  road  units  in  this  part  of  the  study  maintained  an  aver- 
age of  43.28  miles,  with  the  mileage  varying  from  18.57  to  79.83  (see 
Table  7,  page  13) .  Actual  expenditures  by  these  units  were  taken  from 
the  annual  reports  of  township  supervisors  (Table  5),  and  other  cost 
data  were  computed  from  these.  In  addition,  miscellaneous  data  and 
observations  were  obtained  from  personal  interviews  with  highway 
commissioners,  township  supervisors,  and  clerks.  The  quality  of  roads 
in  each  township  was  determined  by  visual  inspection. 

The  property  tax  is  the  major  source  of  revenue  for  road  units.  The 
amount  of  money  available  for  roads  therefore  depends  on  the  assessed 
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Table  5.  —  Expenditures  by  Eleven  Local  Road  Units,  1954 


Road  unit 

Mainte- 
nance 

Adminis- 
tration 

Mainte- 
nance and 
adminis- 
tration 

Construc- 
tion 

Total 

Northern 
A  

.  .  .  $  2,730.88 

$2,925.89 

$  5,656.77 

$4,079.75 

$  9,736.52 

B  

4,118.16 

3,042.16 

7,160.32 

7,160.32 

C  

7,477.00 

3,968.48 

11,445.48 

7,435.24 

18,880.72 

D  

.  .  .     12,114.76 

2,971.75 

15,086.51 

15,086.51 

Central 
E    

4,722.34 

1,289.92 

6,012.26 

6,012.26 

F 

9,333.17 

2,248.80 

11,581.97 

148.87 

11,730.84 

G  

.  .  .     13,455.74 

3,951.33 

17,407.07 

17,407.07 

Southern 
H.  .. 

1,607.53 

604.00 

2,211.53 

2,211.53 

I  

5,049.88 

1,670.22 

6,720.10 

3,895.31 

10,615.41 

J..                    .    . 

2,005.37 

1,668.12 

3,673.49 

3,673.49 

K  

.  .  .       4,418.76 

2,477.10 

6,895.86 

4,418.67 

11,314.53 

valuation  and  the  tax  rate.  Valuation,  tax  rate,  and  total  road  levy  for 
the  eleven  units  are  shown  in  Table  6. 

Local  road  units  can  levy  five  different  taxes  for  road  purposes. 
Three  of  these  taxes  were  levied  by  some  or  all  of  the  eleven  units 
studied  (Table  6).  Most  important  is  the  road  and  bridge  tax,  which 
can  be  as  high  as  0.165  percent  without  a  referendum  (0.175  percent  in 


Table  6.  —  Tax  Rates,  Total  Levy,  and  Assessed  Valuation 
of  Eleven  Local  Road  Units,  1953 


Tax  rates 

Tntnl 

Road  unit 

Road  and    Special  Permanent 
bridge        bridge         road 

Total 

valuation 

levy 

Northern 
A  

.100 

.100 

Thousand 
dollars 
11,389 

Dollars 
16,700 

B  

102           .050           

.152 

4,632 

10,300 

C  

100           .050           .167 

.317 

7,039 

22,955 

D  

230           

.230 

7,558 

16,700 

Central 
E  

.240 

.240 

2,662 

6,400 

F  

124           

.124 

6,174 

7,600 

G  

128           

.128 

13,562 

22,800 

Southern 
H.  . 

.103 

.103 

957 

1,600 

I  

095           

.095 

8,619 

12,200 

J  , 

.105           

.105 

1,834 

3,500 

K  

107           .107 

.214 

4,503 

38,021 
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Table  7.  —  Classification  of  Roads  by  Surface  Type, 
Eleven  Local  Road  Units 


13 


Road  unit 

Earth  surfaces* 

Gravel  or  stone 

Bituminous6 

Total 
miles 

Percent 

Miles 

Percent 

Miles 

Percent 

Miles 

Northern 
A  

0 

0 
1.68 
1.50 
1.25 

3.81 
0 
4.36 

10.66 
4.29 
12.71 
22.10 

18 
51 
97 

98 

83 
91 
91 

54 

88 
77 
68 

3.27 
11.08 
46.87 
55.24 

18.20 
42.45 
71.92 

12.33 
30.74 
41.97 
47.51 

82 
41 
0 
0 

0 
9 

4 

0 
0 
0 
0 

15.30 

8.98 
0 
0 

0 
4.28 
3.55 

0 
0 
0 
0 

18.57 
21.74 
48.37 
56.49 

22.01 
46.73 
79.83 

22.99 
35.03 
54.68 
69.61 

B  

8 

c  

3 

D 

.    .    .       2 

Central 
E  

17 

F  

0 

G  

5 

Southern 
H  

46 

I  

12 

J.... 

23 

K  

32 

a  Includes  unimproved  earth,  graded  and  drained  earth,  and  soil -surfaced  earth. 
b  Includes  only  low-type  bituminous  (asphalt  on  a  flexible  base). 


township  districts).  A  special  bridge  tax  —  up  to  0.05  percent — can 
also  be  levied.  A  third  kind  of  levy  is  the  permanent  road  or  "hard 
road"  tax,  which  can  be  as  high  as  0.167.  Other  possible  sources  of 
revenue  are  the  road  damage  tax  and  the  bond  levy.  The  first  of  these 
can  be  collected  for  purchase  of  right-of-way,  and  the  rate  can  be  as 
high  as  0.033.  The  bond  levy  is  used  as  a  basis  for  borrowing.  There  is 
no  statutory  limit  on  the  rate,  but  it  must  be  approved  by  the  tax- 
payers in  a  referendum.  None  of  the  eleven  units  levied  the  road  dam- 
age tax  in  1953 ;  nor  did  they  have  any  income  from  the  sale  of  bonds. 

The  type  of  road  surface  affects  current  expenditures  for  mainte- 
nance, and  also  reflects  past  expenditures.  Table  7  shows  the  classifica- 
tion of  roads  in  the  various  road  units. 

Another  factor  affecting  costs  is  the  quality  of  construction  and 
maintenance.  This  can  be  approximated  by  determining  road  condi- 
tions and  the  adequacy  of  available  equipment.  The  kind  of  equipment 
and  its  condition  are  shown  in  Table  8.  Total  equipment  and  building 
investment  are  shown  in  Table  9,  together  with  the  road  conditions  in 
each  unit,  as  ascertained  by  visual  inspection. 

Also  shown  in  Table  9  is  population  density.  The  number  of  people 
living  in  an  area  affects  the  use  given  the  road  system.  Heavily  traveled 
roads  require  more  maintenance  than  lightly  used  roads  and  are  usually 
of  better  quality. 
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Condition  of  Roads,  Investment  in  Building  and  Equipment, 
and  Population  Density,  Eleven  Local  Road  Units 


Road 
unit 

Miles 

Road 
condi- 
tion 

Investment 

Population 

Equip- 
ment 

Build- 
ing 

Total 

Rural 
farm 

Rural 
farm  per 
mile 

Northern 
A  

18.57 
21.74 
48.37 
56.49 

22.01 
46.73 
79.83 

22.99 
35.03 
54.68 
69.61 

Fair 
Good 
Good 
Good 

Good 
Excellent 
Excellent 

Poor 
Good 
Fair 
Fair 

$15,700 
6,800 
21,094 
18,000 

13,500 
17,275 
31,935 

3,700 
4,800 
9,000 
10,000 

$    900 
2,200 
1,000 
1,200 

1,500 
1,200 
600 

0 
0 
0 
0 

3,404 
1,077 
1,440 
1,378 

206 
689 
2,355 

741 
4,965 

688 
2,018 

377 
356 
666 
628 

206 
689 
829 

333 
970 

688 
907 

20 
16 
14 
11 

9 
15 
10 

14 
28 
13 
13 

B  

C.  .  . 

D  

Central 
E  

F  

G  

Southern 
H.. 

I  

J.. 

K  

Analysis 

Variations  in  total  expenditures.  What  causes  variation  in  total 
expenditure  for  road  purposes?  Of  the  various  factors  (mileage  main- 
tained, available  funds,  road  classification,  quality  of  roads,  and  pop- 
ulation density),  there  is  evidence  that  amount  of  available  funds  is 
most  important. 

As  shown  in  Tables  5  and  6,  total  expenditure  varies  approximately 
with  the  levy.  Differences  between  levy  and  expenditures  can  be  par- 
tially explained  by  the  fact  that  50  percent  of  the  road  and  bridge  levy 
paid  by  municipalities  must  be  turned  back  to  them.  The  presence  of 
villages  in  a  unit  is  roughly  indicated  by  the  difference  between  total 
and  rural  farm  population  (Table  9) . 

As  might  be  expected,  levy  and  consequently  total  expenditures 
change  in  the  same  direction  as  the  assessed  valuation.  In  the  rest  of 
this  analysis,  therefore,  valuation  has  been  used  as  representative  of 
available  funds. 

Total  expenditure  generally  increases  with  mileage,  although  there 
is  no  consistent  relationship. 

Variations  in  per-mile  expenditures.  Table  10  shows  mileage 
maintained,  condition  of  roads,  per-mile  expenditures  and  investment 
in  building  and  equipment,  population  density,  and  valuation  per  mile. 

As  shown  in  Table  10,  and  also  in  Fig.  2,  total  maintenance  and 
administrative  expenditures  per  mile  show  a  general  downward  trend 


16 


BULLETIN  No.  608 


[February, 


5 

is 

PQ 

rt    w 

c  '  c 


•S    "J 

3.  o 


1 s 

s  > 


<U    o 

31 


•o"  § 
«  .2 

O  -D 


u 

'O 

c 

0) 

H 

I 

c> 

0) 


a 


'.3 

1 

-iJ 

•5 


3 

u 


o 


w 


I 

i 

I 


CO  CO  CO -^  T-H  C<|  O 

l-H  i-H  TjH  CO  <N  COI> 

CO  <N  i-H  i-H  i-H  i-H  i-H 


I-H          OliCO 


PnOOO 


i-H  T-H  i-H  CO 


T-H  CO  CO  . 

GO  o>  o  coco  co  -* 

00  ••*  **  CO  COCO"*  T-H  l-H  T-H  l-H 

w 


•^OSOt^  -HH  i-H  O3  CDCOCOCO 
(N  (N  OS  CO  l^  1C  T-H  OS  O  CO  CD 
1C  CO  CO  O}  iM  CM  C<)  CO  i-H 


COOCNCO  O5  CO  O  COCOi-HCO 


-     _       _     -  1C  O  O5          O  Tj*  t^  CO 

Tfi  GO  1C  T-H  T-H  O  CD  !>•  •*  CO  CO 

i-H  i— I  i-H  (N  C^C^T-H  T-H 


O   o   o  o   O.t!  .h 

P    X    X  O   O   c3    03 


cot>  o  ic 
IM  d  T-H 


0 


A 


1957]  LOCAL  ROAD  UNIT  COSTS  IN  ILLINOIS  17 

1 350 


300 
250 


Z  200 


150 
100 
50 


5         K>        13        20      25       30      35       40       45       50      55       60       65        70      75       80 
MILES  OF  ROAD 

Per-mile  maintenance  and  administrative  costs  of  eleven  road  units  as  com- 
pared with  miles  per  unit.  (Fig.  2) 


as  miles  increase  in  the  central  and  northern  areas.  Although  a  similar 
trend  is  apparent  in  the  southern  area,  there  is  more  variation  among 
units  than  in  the  other  two  regions.  In  both  the  southern  and  the  cen- 
tral areas,  maintenance  costs  vary  much  more  than  administrative 
costs. 

Part  of  the  variation  in  expenditures  between  townships  may  be 
attributed  to  the  type  and  condition  of  the  roads.  This  is  especially 
true  in  the  southern  area,  which  showed  a  great  deal  of  inconsistency 
in  expenditures  and  also  in  the  quality  of  the  roads.  Unit  I,  which  had 
by  far  the  highest  cost  per  mile,  had  the  best-maintained  roads  and  the 
highest  percent  of  gravel  road  in  that  area,  as  well  as  the  greatest 
population  density. 

Unit  I  also  had  the  highest  assessed  valuation  in  the  southern 
area.  Valuation  appears  to  be  at  least  as  important  as  miles  in  ex- 
plaining variations  in  per-mile  costs  in  this  area.  This  is  brought  out 
in  the  lower  part  of  Fig.  3,  which  indicates  that  total  expenditure  per 
mile  does  tend  to  increase  as  the  tax  base  increases.  However,  the 
upper  part  of  the  chart  shows  that  miles  of  road  maintained  tend  to 
vary  inversely  with  the  expenditures  per  mile.  As  already  mentioned, 
a  similar  trend  is  brought  out  in  Fig.  2,  which  compares  maintenance 
and  administrative  costs  per  mile  to  miles  of  road. 

Investment  in  equipment  and  buildings  varies  greatly  among  units 
(Table  10).  As  would  be  expected,  this  is  reflected  in  a  great  variation 
in  kind  and  condition  of  equipment,  the  only  exception  being  motor 
patrols.  Some  equipment  belonged  to  the  highway  commissioner,  who 
leased  it  to  the  road  unit. 

Motor  patrols  were  used  an  average  of  95  days  a  year,  and  the 
average  value  was  $5,172.  In  the  southern  area,  they  were  about 
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Costs  per  mile  in  eleven  road  units  tended  to  vary  directly  with  assessed 
valuation  and  inversely  with  miles  of  road.  (Fig-  3) 
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the  only  machinery  in  service,  and  no  housing  was  used  to  protect 
them  from  the  elements. 

No  attempt  is  made  in  this  study  to  relate  investment  or  condition 
of  equipment  to  cost  per  mile.  Nor  is  any  attempt  made  to  evaluate 
the  work  time  per  year  of  commissioners,  which  varied  from  92  to  284 
days  a  year. 

Differences  among  areas.  As  shown  in  Table  10,  expenditures  per 
mile  tend  to  be  highest  in  the  northern  area  and  lowest  in  the  south. 
This  is  primarily  due  to  a  difference  in  valuation  and  hence  in  income. 
Northern  areas,  however,  do  have  higher  costs  for  snow  removal  and 
more  frost  damage  to  roads. 

The  southern  area,  in  general,  ranks  lower  than  the  northern  and 
central  areas  in  expenditures  per  mile,  valuation,  investment,  and  type 
and  condition  of  road.  Also,  the  southern  road  units  have  less  equip- 
ment and  no  housing  for  it.  Not  only  does  southern  Illinois  have  less 
money  to  spend  on  roads  than  the  rest  of  the  state,  but  it  has  more 
problems  in  building  and  maintaining  roads.  More  bridges  and  culverts 
are  needed  in  the  hilly  sections,  and  road  materials  often  have  to  be 
hauled  farther  than  in  the  northern  and  central  areas. 

The  central  area  has  fewer  special  problems  than  either  of  the  other 
areas.  It  has  to  face  the  problem  of  snow  removal,  but  not  to  the  same 
extent  as  the  northern  area.  Damage  by  frost  action  is  also  less  than 
in  the  northern  area.  In  general,  the  central  area  falls  between  the 
other  two  areas  in  valuation  and  expenditures  per  mile. 

Application  of  Results 

There  appears  to  be  ample  justification  for  the  belief  that  costs  per 
mile  decrease  as  the  miles  maintained  by  the  administering  unit  in- 
crease. This,  of  course,  is  not  surprising.  The  magnitude  of  the  per-mile 
cost  decrease,  however,  needs  to  be  weighed  carefully  in  considering  the 
desirability  of  enlarged  administrative  units.  The  evidence  presented 
in  Part  I  of  this  bulletin  indicates  that  considerable  saving  might  be 
expected  from  merging  the  smallest  units  into  larger  ones,  but  that  the 
savings  from  enlarging  units  beyond  50  or  60  miles  would  not  be 
substantial. 

A  comparison  of  the  costs  (using  state  average  figures  from  Tables 
2  and  3)  of  one  60-mile  unit,  two  30-mile  units,  and  three  20-mile  units 
will  suggest  the  amount  of  savings  possible  by  consolidating  small 
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units  into  larger  ones.  Assuming  that  5  percent  of  the  total  mileage  is 
new  construction  of  gravel  applied  to  a  previous  gravel  surface,  we 

have  the  following  costs: 

One  Two  Three 

60-mile         30-mile         20-mile 

unit  units  units 

Maintenance  and  administration  costs 

(60  miles) $14,160         $16,140         $18,180 

Construction  costs  (3  miles) 8,511  9,663  10,818 

Total $22,671         $25,803         $28,998 

The  saving  to  be  expected  from  consolidating  two  30-mile  units 
into  one  60-mile  unit  is  about  12  percent;  from  consolidating  three 
20-mile  units,  about  22  percent. 

It  is  not  believed  that  enough  experience  has  been  obtained  to  eval- 
uate the  amount  of  per-mile  cost  reduction  that  would  be  expected 
from  consolidation  into  a  county  system.  All  of  the  five  county-wide 
administrative  units  are  in  the  extreme  southern  area  (Highway  Dis- 
trict 9) ,  and  only  one  of  these  has  over  400  miles.  In  many  counties 
consolidation  would  mean  a  system  of  substantially  more  than  400 
miles. 

A  detailed  analysis  of  eleven  road  units  (Part  II  of  the  study) 
showed  results  for  central  and  northern  Illinois  that  confirmed  the 
findings  of  Part  I.  For  example,  a  comparison  of  units  B  and  D,  each 
having  roads  in  "good"  condition,  shows  that  the  small  unit  (21.74 
miles)  spent  23  percent  more  per  mile  than  the  large  unit  (56.49  miles) . 
The  results  of  the  case  study  in  southern  Illinois  are  not  conclusive 
because  the  small  sample  that  was  used  varied  widely  in  assessed  val- 
uation and  in  condition  of  the  roads. 
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Appendix  —  Statistical  Methodology 

Cost  functions  were  fitted  by  the  multiple  regression  technic.1  A 
maintenance  cost  function  and  an  administration  cost  function  for  each 
state  highway  district  were  estimated.  To  illustrate  the  procedure  of 
deriving  per-mile  costs  from  such  functions  for  presentation  in  text 
tables,  we  present  as  an  example  the  following  cost  equations  based 
on  177  local  road  administrative  units  in  State  Highway  District  7. 

(1)  Ym=  -328  +  191.85  Xi  +  29.43  X,  + 93.18  X,  + 71.39X«  + 

(119.07)        (28.52)        (34.41)        (16.74) 
278.16  X5  -  6,930  X6  -  1,010  X7  -  3,865  Xs  +  0.481  X9 
(470.53)       (11,063)        (1,358)       (12,994)         (0.051) 

(2)  Ya  =  273  +  67.845  Xj  +  0.869  X2  +  24.292  X3  +  22.081  X4  + 

(24.224)        (5.819)          (7.019)          (3.413) 

42.5  X6  +  2,942.4  X6  +  319.6  X7  +  465.1  Xg  +  0.046  X9 

(95.9)        (2,246.9)         (276.8)      (2,637.1)        (0.010) 
Symbols  have  the  following  meanings: 
Ym  =  maintenance  cost  (dollars) 
Ya  =  administration  cost  (dollars) 
Xi  =  unimproved  roads  (miles) 
X2  =  graded  and  drained  earth  roads  (miles) 
X3  =  soil  surfaced,  primarily  oil  roads  (miles) 
X4  —  gravel  or  stone  roads  (miles) 
X5  =  bituminous  (low  type)  roads  (miles) 
X6  =  bituminous  (high  type)  roads  (miles) 
X7  =  concrete  roads  (miles) 
X8  =  brick  roads  (miles) 
X9  =  assessed  valuation  (thousands  of  dollars) 

The  number  in  parentheses  immediately  below  each  regression  coeffi- 
cient is  the  standard  error  of  that  regression  coefficient. 

To  find  the  average  variable  maintenance  or  administration  cost 
per  composite  mile,  each  of  the  regression  coefficients  corresponding  to 
a  road  mileage  variable  (Xi  through  X8)  is  multiplied  by  the  average 
percentage  of  that  particular  type  of  road  in  Highway  District  7  (see 
Table  1).  For  the  maintenance  cost  equation  we  have  (191.85) 
(4.889%)  +  (29.43)  (25.017%)  +  .  .  .  -  (3,865)  (0.003%)  =  $68.26 
as  the  average  variable  maintenance  cost  per  composite  mile.  To  deter- 
mine the  total  fixed  maintenance  cost  per  composite  mile,  the  assessed 
valuation  X9  is  assumed  to  be  at  its  mean  value  ($4,030,000) .  Multi- 
plying this  value  by  the  regression  coefficient  for  X9  and  adding  the 
constant  (—328),  we  get  $1,610  as  the  fixed  maintenance  cost. 

1  See  any  standard  statistical  reference,  e.g.,  Ezekiel,  Mordecai,  Methods  of 
Correlation  Analysis,  John  Wiley  and  Sons,  New  York.  1941. 
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An  identical  procedure  is  followed  with  the  second  equation  to 
obtain  average  variable  administration  costs  and  total  fixed  admin- 
istration costs.  For  Highway  District  7  these  values  are  $19.50  and 
$458  respectively.  Adding  the  fixed  maintenance  and  administration 
costs  we  get  $1,610  +  $458  =  $2,068.  Adding  the  variable  maintenance 
and  administration  costs  per  composite  mile  we  get  $68.26  +  $19.50  — 
$87.76.  The  total  cost  per  composite  mile  may  then  be  computed  for 
any  mileage  within  the  range  of  the  observations.  For  example,  the 
cost  per  mile  of  a  20-mile  unit  would  be  $2,068  divided  by  20  plus 
$87.76  or  $191.16  (see  Table  2). 

Construction  costs  were  also  estimated  by  the  multiple  regression 
procedure.  Taking  as  an  example  the  106  projects  in  Highway  District 
7  involving  the  application  of  gravel  to  a  surface  of  graded  and  shaped 
gravel  or  crushed  stone,  we  have  the  following  equation: 

(3)  Ye=  -4,086  +  2,413  Xi  +  1 16  X8+ 1,160  X, 
(158)          (72)  (176) 

In  this  equation  symbols  have  the  following  meanings: 
Yc  =  construction  cost  (dollars) 
Xx  =  length  of  project  (miles) 
X2  =  width  of  surface  applied  (feet) 
X3  =  depth  of  surface  applied  (inches) 

At  the  average  width  (13.17  feet)  and  average  depth  of  surface  (3.10 
inches)  for  this  group  of  projects,  the  total  fixed  costs  are  (116)  (13.17) 
-f  (1,160)  (3.10)  -4,068  =  $1,038.  Using  the  coefficient  of  Xx,  $2,413, 
as  the  variable  cost  per  mile  of  road  constructed,  the  total  cost  per 
mile  for  mileages  within  the  range  of  data  may  be  estimated  by 
dividing  total  fixed  cost  by  the  mileage  and  adding  $2,413  (see 
Table  3) . 

The  cost  equations  had  the  following  multiple  correlation  coeffi- 
cients; all  are  statistically  significant  at  the  1-percent  level  of  prob- 
ability : 

Multiple  correlation  coefficient 

Highway  district  Maintenance    Administration     Construction 

1 93  .74  .80 

2 90  .71  .71 

3 79  .60  .70 

4 61  .66  .81 

5 84  .66  .98 

6 91  .73  .79 

7 76  .66  .84 

8 81  .74  .93 

9..  .92  .78  .79 
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The  square  of  the  multiple  correlation  coefficient  gives  the  percent 
of  total  variation  in  cost  among  units  that  is  accounted  for  by  the 
variables  included  in  the  analysis.  For  example,  87  percent  (.932)  of 
the  variation  in  maintenance  costs  among  units  in  District  1  is  due 
to  mileage  and  assessed  valuation.  In  general,  these  two  variables  are 
more  important  in  accounting  for  variation  of  maintenance  costs 
among  units  than  variation  of  administration  costs.  In  District  3,  only 
36  percent  of  the  total  variation  of  administration  costs  is  explained  by 
mileage  and  assessed  valuation. 
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